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ABSTRACT 
Introduction 

Missile  injuries  have  progressively  increased  in  Iraq  after  2003.  These  injuries  are  uncommon  in  children,  but 
cause  greater  severity  compared  to  other  injuries. 

Method 

Fifty  two  patients  with  pediatric  missile  injuries  (PMIs)  admitted  to  Alsadre  teaching  hospital  (Basrah 
neurosurgical  center)  from  March  2006  to  June  2014  were  enrolled  in  this  study. 

Results 

The  patients'  age  ranged  from  6  months- 18  years  with  a  male/ female  ratio=  11:2. The  patients  were  victims  of 
roadside  grenade  attacks,  terror  explosions,  haphazard  fires  between  security  forces  and  militants,  or  air  firing  on  marriages 
and  processions  ceremony.  Bullet  injury  accounted  for  44%  of  the  study  group,  whereas  the  rest  of  the  PMIs  were  caused 
by  fragments  from  blast  injuries.  In  patients  with  a  Glasgow  Coma  Score  (GCS)  of  3-8  there  was  a  50%  mortality  rate  and 
none  of  the  patients  had  a  good  outcome.  In  patients  with  a  GCS  score  of  9-12  there  was  no  mortality  rate  and  60%  of  the 
patients  had  a  good  outcome.  There  was  one  death  in  the  group  with  GCS  scores  of  13-15.  Pupillary  abnormalities  were 
seen  in  7  cases.  About  73%  of  the  patients  had  a  unihemispheric  injury,  13.5%  had  intracerebral  hemorrhage,  9.6%  had 
midline  shift  in  addition  to  a  unihemispheric  injury,  whereas  3.8%  had  bihemispheric  involvement.  About  15.4%  of  the 
patients  had  motor  weakness.  Two  of  the  motor  weakness  and  3  of  non-motor  weakness  patients  died.  Sixteen  patients 
(30.8%)  had  fits.  Four  patients  of  them  died,  while  one  patient  died  from  the  group  who  did  not  develop  fits.  Four  patients 
(7.7%)  had  meningitis.  Thirty-four  patients  (65.4%)  had  some  psychological  upsets. 

Conclusions 

PMIs  do  not  differ  significantly  from  other  types  of  head  injury  as  far  as  prognostic  factors  are  concerned.  In  Iraq, 
the  epidemiology  of  PMI  is  different  from  that  in  the  West.  Education,  of  the  community  on  the  risks  of  haphazard  bullet 
injuries,  is  recommended  and  the  government  must  show  more  power  to  avoid  these  wrong  habits. 

KEYWORDS:  Pediatric  Missile  Injuries,  Bad  Outcome  and  Good  Outcome 

INTRODUCTION 

•  Missile-related  injuries  form  a  leading  cause  of  death  and  these  injurieshave  progressively  increased  in  Iraq  after 
2003. 1-2 

•  Missile  injuries  are  uncommon  in  children,  but  cause  greater  severity,  need  for  major  surgery,  mortality,  disability 
and  costs  compared  to  other  types  of  injury.  Although,  they  are  uncommon,  there  is  a  large  variation  in  the 
incidence  of  pediatric  missile  injuries  between  regions.3 
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•  Pediatric  missile  injury  has  been  the  subject  of  severalpopulation-based  epidemiologic  studies  from  the  mid-1980s 
through  2002. 4-8  More  recent  population-based  research  has  been  limited  and  focused  exclusively  on  mortality9"12 
or  was  restricted  to  hospital-based  samples.13"15  Data  from  the  National  Violent  Death  Reporting  System  provide 
insight  into  the  problem.16 

METHODS 

Eighteen  year-old  or  younger  fifty-two  patients,  with  PMIs  due  to  a  bullet  or  fragments  from  a  blast  whom  were 
admitted  toAlsadre  Teaching  Hospital  (the  only  Basrah  Neurosurgical  Center)  between  March  2006  and  June  2014,  were 
enrolledin  this  study  regardless  their  neurological  status. 

Data  were  prospectively  collected  from  2006  onwards.  Patients  withassociated  injuries,  such  as  those  of  the  chest, 
abdomen,  spine,  and  long  bones,  which  could  contributeto  a  low  neurological  status  by  causing  hemorrhagicshock  or 
hypoxia,  were  excluded.  This  exclusion  was  consideredbecause  we  wanted  to  study  only  the  aspect  of  head  injurycaused 
by  bullets  or  blast  fragments. 

Most  of  the  patients  were  transportedby  civilians;the  interval  between  injury  and  admission  variedfrom  30  to  180 
minutes  depending  on  the  distance  of  thesite  of  injury  from  theCentre  and  direct  or  shifting  from  other  hospitals. 

Resuscitation  was  performed  to  all  of  the  patients  accordingto  the  advanced  trauma  life  support  guidelines; 
thenature  of  the  resuscitation  depended  upon  the  clinicalstatus  of  the  patient.  After  resuscitation,  patients  were 
assessedneurologically  and  those  with  a  GCS  score  <  8  were  intubated  (a  postresuscitation  GCS  score  was  usedin  further 
analysis).  A  head  CT  scan  was  obtained  in  all  cases.  After  CT,  patients  were  surgically  treated  depending  on  the  nature  of 
the  injury(s). 

Surgery  consisted  of  decompressivecraniectomyand  removal  of  necrotic  brain,  hematoma,  debris, and  bone 
fragments  that  were  easily  accessible.  No  attemptwas  made  to  perform  extensive  debridement  of  themissile  tract  in  the 
brain. Firstly,  superficialdebridement  and  then  duraplasty  and  scalp  closurewere  performed. 

All  the  52  patients  received  antibiotics  (combination  ofceftriaxone  +  ampiclox)  along  with  phenytoin  5  mg/kg/day 
after  administering  a  loading  dose  of  15  mg/kg. Osmotherapy  with  mannitol  (1  g/kg/day  in  divided  doses)  was  delivered  to 
all  the  patients  who  had  brain  edema. Intracranial  pressure  monitoring  was  not  done  because  of  the  unavailability  of  the 
equipment. 

All  surgeries  were  performed  by  neurosurgeons  andnot  by  trauma  surgeons.  Outcome  was  followed-upusing  the 
Glasgow  Coma  Scale  from  6  months-6  years.  The  bad  outcome  groups  included  grades  were  as  follows  :5=  death,  4= 
vegetative  state,  3=  severe  disability  butconscious  and  a  good  outcome  groups:  2=  minimal  disability,  and  1=  good 
recovery. 

All  data  were  analyzed  using  SPSS  19  software.  Predictorsof  outcome  were  assessed  using  chi-square  analysis, 
and  then  logistic  regression  analysis  was  used,  a  p-value  <  0.05  takenas  significant. 
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RESULTS 

The  demographic  characteristics:  The  52  patients  included  in  our  studyranged  in  age  from  2  to  18  years,  with  a 
mean  age  of  10.1  years.  There  was  no  significant  statistical  association  could  be  recognized  between  age  and  outcome 
(p=  0.1 3). The  male/female  ratio  was  1 1:2  with  a  high  male  preponderance. 

Mechanism  of  injury:  all  the  children  were  victims  of  violence  in  which  they  had  no  role  and  victimsof  roadside 
terrorsexplosions,  haphazardfire  of  between  security  forces  and  militantsorFiring  in  the  air  as  a  habit  after  winning  a 
football  match,  marriages  and  processions  ceremony. Some  children  were  injured  while  playing  withunidentified  objects 
found  in  grazing  fields,  which  turnedout  to  be  explosives.  There  were  no  instances  ofsuicide  or  murder  among  the  study 
population.  Bullet  injuriesaccounted  for  44%  of  the  study  group,  whereas  the  restof  the  PMIs  were  caused  by  fragments 
from  blastinjuries.  There  was  no  significant  difference  in  outcome  betweenthe  two  groups  (p=  0.15). 

Clinical  Factors 

Glasgow  Coma  Score:  In  patients  with  ascore  of  3-8  there  was  a  50%  mortality  rate  and  noneof  the  patients  had  a 
good  outcome.  In  patientswith  a  GCS  score  of  9-12  there  was  no  mortality  and  60%  of  the  patients  had  a  good 
outcome. There  wasone  death  in  the  group  with  GCS  scores  of  13-15(sudden  onset  of  severe  headache  followed  by  status 
epilepticus  and  Brain  CT  scan  showed  multiple  intraparanchiamal  hemorrhage)otherwise  the  other  patients  hada  good 
outcome  (p=  <  0.001). 

Pupillary  Status 

Pupillary  abnormalities  were  seenin  7  cases:  anisocoria  in  3  cases  (5.8%)  and  dilatednonreactive  pupils  in  4cases 
(7.7%).  All  patients  in  the  lattergroup  died,  while  there  was  no  mortality  in  the  anisocoriagroup,but  all  patients  had 
badoutcome.  One  patient  died  with  normal  pupils  but  the  other  84.3%  survived(p  <  0.001). 

Radiological  Parameters:  Computed  tomographyscanning  done  to  all  the  study  population;  38  patients  (73%)  had 
a  unihemisphericinjury,  7  patients  (13.5%)hadintracerebral  hemorrhage  and  5  patients  (9.6%)  had  midline  shift  in  addition 
to  a  unihemispheric  injury, whereas  2  (3.8%)  had  bihemispheric  involvement. The  bihemispheric  involvement  group 
followed  by  theintracerebral  hemorrhage  with  midline  shift  group  had  significantly  bad  outcomeas  compared  to  the 
unihemispheric  injury  group(p=  0.017). 

Motor  Weakness:  There  were  8  patients  (15.4%)  had  motor  weakness  while  44  patients  (84.6%)  had  no 
weakness.  Two  (25%)  of  the  motor  weakness  patients  died  while  3  (6.8%)  of  non-motor  weakness  patients  died  (p=  0.001). 

Complications 

Seizure:  Seizures  had  in  19%  of  patients  with  bad  outcome  groups  as  compared  to  5.8%  of  patients  in  a  good 
outcome  groups  (p=  0.001). 

Meningitis:  Four  (7.7%)  patients  had  meningitis.  All  of  them  treated  and  became  well  (p=0.45). 

Hydrocephaly:  Three  patients(5.8%)  had  hydrocephaly.  All  of  the  patients  underwent  ventriculoperitoneal  shunt. 
In  one  of  them,  external  ventricular  drain  was  done  firstly,  then  after  7  months  hydrocephaly  developed  and 
ventriculo-peritoneal  shunt  was  done.  There  were  no  significant  outcomes  inpatientswho  had  hydrocephaly  as  compared  to 
those  none  had  hydrocephaly  (p=0.08). 
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Psychological  Upset:  Thirty  four  patients  (65.4%)  had  some  psychological  upset.  All  bad  outcome  groups 
(13  patients)  had  psychological  upset  while  21(40%)  patients  from  a  good  outcome  groups  hadpsychological  upset 
(p=0.02). 

DISCUSSIONS 

In  studies  from  more  developed  countries,  the  most  common  cause  of  PMIs  in  children  is  homicide  or 
suicide. Among  the  Iraqi  population,  there  are  some  incidents  occur  to  people  being  targeted  by  explosive  device  blasts  or 
of  bombs  being  planted  in  public  places  by  terrorists.  People  in  the  present  study  were  also  injured  during  firing  in  the  air 
as  a  habit  after  winning  a  football  match,  marriages  and  processions  ceremony.  Since  the  grenade  attacks  were  carried  out 
on  security  forces  in  the  vicinity  of  residential  quarters  and  market  areas,  there  were  cases  of  injuries  caused  by  grenade 
fragments,  which  otherwise  would  not  have  been  expected  to  occur  in  a  civilian  population.  None  of  our  patients  reported 
lying  down  on  hearing  missiles  or  after  a  blast;  all  of  them  had  run  for  safe  shelter,  which  made  them  more  susceptible  to 
stray  bullets.  Perhaps  this  tendency  to  run  explains  the  higher  incidence  of  head  injury  in  these  children.  If  people  are 
taught  to  lie  down  in  these  circumstances,  then  there  may  be  a  decrease  in  the  incidence  of  head  injury.  Note  that  patients 
who  were  injured  by  bomb  blasts  and  improvised  explosive  device  blastswere  excluded  from  this  study  because  they  had 

....  .         .        .        .  39  40  41  42  43  44 

associatedinjunes  other  than  head  trauma.  '  '  '  '  ' 

Age  has  been  shown  to  have  a  varying  effect  on  the  outcomein  different  series.  In  some  studies,  with 
decreasingage,  outcome  was  adversely  affected, whilein  others,  it  was  the  opposite.  11  In  this  studyno  age 
group  had  a  better  outcome  (p=  0. 13). This  reflected  haphazard  of  PMI  in  the  population. 

By  comparing  mechanisms  of  injury,  most  of  the  reference  bullet  injury  carry  bad  outcome  than  blast  injury. 
47,48,32,33  Tn  ^  stu(jy  tnere  were  no  differences  in  the  outcome  in  patients  with  bullet  injuries  as  compared  to  the  patients 
with  injuries  from  grenade  blast  fragments  (p=0.15).;  a  good  outcome  occurred  in  34.6%  of  patients  in  the  first  group  as 
compared  to  40.4%  in  the  latter.  Thedifference  documented  in  other  studies  may  be  the  result  of  the  fact  that  PMIs  in 
children  is  homicide  or  suicide  while  accidental  injury  with  far  distances  causes  the  bullet  losses  its  high  energy 
(E=  Vi[mv2]).  This  is  same  causes  lead  to  the  mortality  rate  17.64%lower  the  others  studies.  Nelson  and  colleagues,56  the 
mortality  rate  was  36%.  InKaufman's  study,22  the  survival  rate  was  only  2%. 

Sixteen  patients  (30%)  with  severely  GCS  at  time  of  admission  to  hospital  all  of  them  had  bad  outcome  as 
compared  with  4  patients  with  moderate  GCS  had  bad  outcome  and  1  patient  with  mild  GCS  died.  The  GCS  score  was 
documented  to  be  the  strongest  predictor  of  outcome  after  head  injury,17"27  and  this  trend  was  seen  in  the  current  study 
group  as  well  p  value  0.001. 

None  of  this  study  patient  with  fixed  dilated  pupils  survived,  and  no  patients  with  anisocoria  had  a  good  outcome 
as  compared  to  71%  of  the  patients  with  normal  pupils.  Patients  with  normally  reacting  pupils  had  agood  outcome  than 
those  with  nonreactive  pupils.  Pupillary  changes  reflect  the  extent  of  brainstem  compression,  which  has  a  significant  effect 
on  outcome.29'31  A  unilateral  fixed  dilated  pupil  is  thought  to  be  attributable  to  the  third  nerve  compression,  while  bilateral 

17  21  32  33  34 

dilation  signifies  disturbed  brainstem  function.  '  '  '  ' 

Inthe  bihemispheric  injury,  midline  shift,  and  intracerebral  hemorrhage  had  a  good  outcome  1.9%,  3.8%,  and 
5.8%  respectively  as  compared  to63.5%  in  the  unilateral  injury  group.  Thistrend  is  obviously  due  to  involvement  of  the 
critical  midlinestructures.  Eisenberg  et  al.45reported  that  midline  shift  is  a  very  strong  predictor  ofabnormal  intracranial 
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pressure,  and  the  risk  of  death  isgreater  if  the  midline  shift  is  large.  Conversely,  the  investigationsof  Miller  et  al. 
demonstrated  no  or  only  apoor  correlation  between  midline  shift  and  intracranialpressure46.  In  intracerebralhemorrhage 
more  damage  to  the  brain  insult  as  primary  injury  and/or  swelling  of  brain  due  to  edema  causes  damage  to  the  neuron  as  a 
secondary  injury.  In  this  study  there  was  a  significant  correlation  between  the  bihemispheric  injury,  midline  shift,  and 
intracerebral  hemorrhage  and  bad  outcome.  P  value  0.017 

Complications  of  PMI 

Seizuresoccurred  in  19%  of  patients  with  bad  outcome  groups  as  compared  to  5.8%  of  patients  a  good  outcome 
groups,  so  the  fits  is  a  statically  significant  factor  (p=0. 001). Seizures  indicated  injury  to  brain  parenchyma  and  the 
formation  ofgliotic  scar  tissue  in  the  tract  of  the  missile  injury  and  considered  as  a  risk  factor  in  the  most  of  the  study 
sample. 

Meningitis  occurred  in  4  patients;  threepatients  in  a  goodoutcome  groups  and  one  patient  in  the  bad 
outcomegroups.In  this  study  meningitis  has  not  an  additional  risk  factor  for  prognosis  (p=0.46).This  might  be  due  to  the 
low  number  of  cases  and  its  treatable  disease.  This  is  same  causes  lead  to  ahydrocephaly  not  a  significant  factor  for 
prognosis  (p=0.08)  when  it  occurred  in  3patients,  two  patients  in  a  good  come  groups  and  one  patient  in  the  bad  outcome 
groups.  Kishor  et  alreported  its  incidence  to  be  up  to  15%  among  all  patients  with  severe  head  injury.  According  to  Zander 
and  Foroglou2,  about  10%  of  patients  in  large  sample  of  head  injured  patients  with  prolonged  coma  developed  some  degree 
of  hydrocephalus.55 

The  wide  spectrum  of  post-traumatic  squealed  presented  by  the  victim  of  craniocerebral  injury  is  impressive,  and 
ranges  from  a  comatose,  purely  vegetative  akineticmutism  to  neurological  syndromes  of  varying  severity  and  mild 
personality  disorders.  The  main  organic  cause  of  disability  after  a  head  injury  is  disturbance  of  mental  capacity.  This 
disturbance  may  occur  at  various  levels  of  mental  activity  and  may  range  from  affection  of  well-established  skills  such  as 
speech,  reading,  calculation  and  orientation,  to  disturbances  of  higher  capacities  such  as  memory,  abstract 

Thinking  and  reasoning.49"55  In  this  study  34  patients  (65.4%)  had  psychological  upset  includedall  bad  outcome 
groups  (13  patients)  and  21(40%)  patients  from  a  good  outcome  groups.  There  were  psychological  upsetconsidered 
statically  a  significant  factor  for  bad  prognosis  (p=0.02).This  might  be  due  to  wide  damaging  neurons  and  brain  concussion 
when  fall  on  ground  after  injuries. 

CONCLUSIONS 

•  PMIs  do  not  differ  significantly  from  head  injury  in  other  age  groups  as  far  as  prognostic  factors  are  concerned. 

•  The  GCS  score  was  documented  to  be  the  strongest  predictor  of  outcome  after  head  injury  and  can  addthree  other 
strong  predictors  of  outcome  in  could  be  diagnosed,  these  were  pupillary  abnormality,  motor  deficit  and  seizures. 

•  In  the  developing  countries,  the  epidemiology  of  PMIis  different  from  that  in  the  West.  Education  of  the 
community  to  word  risk  of  haphazard  bullet  injuries  is  needed  and  the  government  must  be  more  powerful  to 
avoid  these  wrong  habits. 
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